INTRODUCTION {#sec1-1}
============

Tumours of the small bowel are rare, accounting for only 1% of all gastrointestinal tract neoplasms. The most common presentations of small bowel tumours include obstruction and occult gastrointestinal haemorrhage, although the clinical presentation is often vague. Small bowel neoplasms are associated with several disease states, including Peutz--Jeghers syndrome, familial polyposis syndromes, Crohn\'s disease, celiac disease, and immunodeficiency states. The incidence of small bowel tumours varies in the literature from series to series because of the relative rarity of these tumours, but the more common tumours include adenomas, lipomas, haemangiomas, gastrointestinal stromal tumours (GISTs), carcinoid tumours, lymphomas, and adenocarcinomas.\[[@ref1][@ref2]\] The current best treatment for most of these small bowel tumours is surgical resection when feasible, especially in symptomatic disease.

Options for resection of small bowel tumours include both open and laparoscopic techniques. Open surgical small bowel procedures require a large incision for resection, and multiple trials have suggested improved post-operative pain control, shorter duration of hospital stay, and fewer wound infections with laparoscopic surgery, without increasing complication rates.\[[@ref3][@ref4][@ref5][@ref6]\] Furthermore, multiple studies have confirmed the oncologic safety of laparoscopic tumour resections when feasible,\[[@ref3][@ref4][@ref7]\] including adequate resection of mesenteric lymph node basins.

Laparoscopic procedures for small bowel resection require enlarging an incision to allow for specimen removal and/or intracorporeal anastomosis. Minimally invasive GIST resection, when used in selected patients, has shown to result in shorter length of stay, improved post-operative pain, and slightly fewer complications compared with open procedures,\[[@ref7][@ref8]\] without negative effects on oncologic outcomes. Resections of GISTs using single-port access techniques have been described for relatively small gastric GISTs.\[[@ref9]\] No current data exist for single-port resections of small bowel GISTs or carcinoid tumours, but single-site surgery is being increasingly used for various gastrointestinal operations, ranging from basic procedures such as appendectomy, cholecystectomy, and ventral hernia repair, to more advanced procedures including minor hepatectomies, gastrectomies, and small bowel and colon resections.

We sought to describe our experience with resection of primary small bowel tumours, including small GISTs, neuroendocrine carcinomas, and other rare small bowel tumours, using a single-port access technique. We hypothesised that single-site resections of small bowel tumours would be comparable to laparoscopic resections in terms of oncologic resection and safety and would be feasible without requiring advanced laparoscopic skills, thus making it easier for both the patient and the surgeon.

MATERIALS AND METHODS {#sec1-2}
=====================

One surgeon at our centre routinely performs single-incision laparoscopic surgery. We reviewed the experience of this surgeon (J.B.) with laparoscopic small bowel resections. We searched for the records of the surgeon\'s patients who underwent laparoscopic small bowel resection for small bowel tumours, including GISTs, carcinoid tumours, and other rare small bowel tumours, from May 2008 to June 2012. Approval was obtained from our Institutional Review Board.

Patients identified were grouped according to type of procedure: Conventional laparoscopy (LAP) or single-port access. Patient characteristics reviewed included age, sex, body mass index, hospital length of stay, and post-operative narcotic utilisation. Operative reports were identified to define the process of single-port access small bowel resection. Pathology reports were reviewed to evaluate tumour type and oncologic resection margin status.

Statistical analysis was performed using the χ^2^ test for univariate analysis and non-parametric rank sum tests using the Wilcoxon model. Results were reported as number of patients or median (interquartile range), as appropriate. *P* \< 0.05 was considered significant.

Surgical Technique {#sec2-1}
------------------

Anaesthesia preparation was the same as for any bowel operation. Our institution practices the enhanced recovery pathway, with pre-operative acetaminophen and ketorolac, and lack of bowel preparation.

Both laparoscopic and single-incision port sites were injected with a 1:1 mixture of 0.25% bupivacaine and 1% lidocaine. Post-operatively, patients receive scheduled acetaminophen and ketorolac, with narcotic medications available for breakthrough pain.

For standard laparoscopic procedures (i.e., LAP), the abdomen was entered under direct visualisation using either the Hasson technique, with insertion of a 10-mm camera port or the Veress needle and a 5-mm optical-viewer trocar. Two additional 5-mm working ports were inserted under direct visualisation. The small bowel was freed from any adhesions and fully mobilised. The periumbilical 10-mm trocar incision was extended to an average length of 3 cm, and the wound edges were protected with a wound protector. The small bowel was externalised and examined in its entirety, and tumours could be resected, with primary anastomosis performed extracorporeally. Anastomoses were performed with the GIA stapler (Ethicon), with imbricating sutures to oversew the staple lines.

For the single-port procedure, the periumbilical incision was made 3 cm long to allow placement of the GelPOINT Advanced Access Platform (Applied Medical Resources) \[[Figure 1](#F1){ref-type="fig"}\]. This platform allows for three instruments to be used. The fasciotomy was extended to the length needed for specimen removal, without extending the skin incision. The surgical videoscope was the Stryker 30° 5-mm camera. We used the same straight instruments as in traditional laparoscopic procedures in all cases. For the single-port procedure, the small bowel was mobilised and freed from adhesions in a similar fashion to LAP. The bowel was then externalised through the GelPOINT incision, which already has a wound protector in place. Care was taken not to externalise a large portion of small bowel at a time to avoid venous congestion \[[Figure 2](#F2){ref-type="fig"}\]. The remainder of the procedure was the same as for LAP procedures.

![Photograph of single-port incision device (Applied Medical Resources)](JMAS-12-235-g001){#F1}

![Intraoperative photographs of initial exploration of small bowel tumour and mobilization of attachments](JMAS-12-235-g002){#F2}

RESULTS {#sec1-3}
=======

Totally, 10 patients were identified who underwent laparoscopic resection of small bowel tumours and consented to be in the study \[[Table 1](#T1){ref-type="table"}\]; 9 tumours were in the small bowel \[[Figure 3](#F3){ref-type="fig"}\], and 1 was in the terminal ileum near the cecum. Three tumours were resected using LAP (LAP group), with extension of the periumbilical incision to allow externalisation of the bowel. The other 7 tumours were resected using the single-incision technique (single-port access group), with a 3 cm periumbilical incision made for placement of the GelPOINT platform. The bowel was then externalised through this incision. There were no significant differences in age, sex, body mass index, operative time, post-operative complications, size of tumour, hospital length of stay or post-operative narcotic use between the single-port and LAP groups \[[Table 2](#T2){ref-type="table"}\]. Median length of stay was 3 days, median follow-up was 16.5 months, and no patients had recurrence of tumour. A complication developed in only 1 patient --- a post-operative ileus requiring nasogastric tube decompression and hospitalisation for 9 days. One patient in the single-port group was given a diagnosis of metastatic gastric cancer from linitis plastica, despite normal upper endoscopy results, and underwent additional work-up, which led to a prolonged hospital stay.

###### 

Patient characteristics

![](JMAS-12-235-g003)

![Computed tomography with intravenous contrast demonstrating tumour emanating from a loop of small bowel](JMAS-12-235-g004){#F3}

###### 

Tumour and procedure characteristics
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DISCUSSION {#sec1-4}
==========

For GISTs, surgical resection has been described using both open and laparoscopic techniques,\[[@ref10]\] although the literature regarding GISTs overwhelmingly involves tumours located in the stomach. Current National Comprehensive Cancer Network guidelines for the management of GISTs recommend:

Resection if the tumour is larger than 2 cm; laparoscopic resection of gastric GISTs is feasible as long as standard surgical oncologic procedures are observed;Minimising tumour manipulation and avoidance of tumour capsule rupture to prevent intraperitoneal tumour seeding; andRemoving the tumour in a plastic bag to minimise laparoscopic port site recurrence.

Given the rarity of lymphatic metastasis with GISTs, surgical treatment involves segmental resection without lymphadenectomy.\[[@ref11]\] Some authors believe that relatively small tumours (2-5 cm) should be treated solely with laparoscopy.\[[@ref8]\]

Similarly, surgical resection of carcinoid tumours is recommended to improve symptoms and survival,\[[@ref12][@ref13]\] even in the presence of metastatic disease, to prevent future obstructive complications.\[[@ref14]\] All carcinoid tumours deemed operable should be resected surgically. Given the propensity of carcinoid tumours for lymphatic metastasis, formal resection of all draining lymph node basins should be performed at the time of primary excision. In addition, any obvious mesenteric nodules should be excised at the time of operation.\[[@ref15]\] Surgical management of carcinoid tumours classically uses an open method to allow palpation of the entire length of bowel, which aids in the detection of small tumours and mesenteric nodules. In our study, the small bowel could still be eviscerated and therefore palpated using the single-port technique, thus keeping this tenet intact. We have not yet found body mass index to be a limiting factor in the selection of patients for a single-site operation. However, a larger body mass index sometimes does necessitate changing the operative site to be nearer the suspected tumour site to allow for ease of triangulation of the instruments.

Our study showed that in selected patients, laparoscopic removal of small bowel tumours is both safe and feasible. Single-port access remains a good option for removal of these tumours, as long as the entire small bowel can be externalised and visualised. No data until date suggest increases in local recurrence, port site recurrences or inadequacy of resections with laparoscopic removal of such tumours. GIST tumours have a propensity to spread haematogenously, and avoiding capsule rupture seems to be important in the oncologic safety of the operation. Carcinoid tumours, with a propensity for lymphatic metastases, can be resected in a similar fashion to bowel adenocarcinoma, provided the entire small bowel is externalised, inspected, and palpated for occult disease. In our small series, we were able to safely perform multiple small bowel resections through a single, small, periumbilical incision \[[Figure 4](#F4){ref-type="fig"}\]. This demonstrates a key advantage of single-port surgery over LAP --- in traditional LAP this would require enlargement of 1 of the incisions. Once the bowel is externalised, multiple bowel resections can be performed without added difficulty; the surgeon simply performs additional anastomoses on externalised bowel.

![Post-operative photograph. 6-week follow-up image demonstrating the cosmetically pleasing result of the single-port incision](JMAS-12-235-g006){#F4}

An additional benefit of single-port surgery using the GelPOINT access platform is the wound protection device already incorporated into the access port. Previous studies have shown a significant decrease in surgical site infections with the use of plastic wound retractors.\[[@ref16]\] At our institution, the cost of one of these devices is equivalent to that of three traditional laparoscopic trocars. In contrast, although operative times were not significantly different, the duration was slightly longer in the single-port access group, which may lead to the increased cost.

We readily acknowledge the limitations of such a small study size. Given the relative rarity of these tumours, our numbers did not demonstrate statistically significant differences in length of stay, narcotic utilisation or post-operative complications between the single-port and LAP groups. Nonetheless, this procedure is technically easier than standard laparoscopy with intracorporeal anastomosis and results in fewer incisions than standard laparoscopy with extracorporeal anastomosis. The patient benefits from the laparoscopic approach with a single, small incision.
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